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Echo Canceling Arrangement 

Cross Reference to Related Application 

[0001] This application is a continuation of copending International 

Application No. PCT/SE02/01688 filed September 18, 2002 which designates the 
United States, and claims priority to Swedish application no. 0103414-9 filed 
October 11,2001. 

Technical Field of the Invention 

[0002] The invention relates generally to line driver/receiver circuits and more 

specifically to an echo canceling arrangement in such circuits. 

Background Of The Invention 

[0003] In many broadband applications such as Asymmetric Digital Subscriber 

Line (ADSL), a receive signal is received in a line driver/receiver circuit at the same 
time as a transmit signal is sent over one and the same transmission line. 

[0004] The transmit signal that is much stronger than the receive signal that is 

damped by the transmission line, will be coupled with its distortion into the receiver 
and degrade the signal-to-noise ratio (SNR) of the receive signal. 

[0005] Since the bitrate of the receive communication is decided in advance 

during a so-called training sequence by the detected SNR for the receive signal, also 
the bitrate of the receive signal will degrade. 

[0006] To solve this problem, it is known to use echo cancellers. 

[0007] Fig. 1 on the appended drawing is a schematic illustration of an 

embodiment of a known line driver/receiver circuit with an echo cancellation bridge. 

[0008] The line driver 1 is connected with its output terminals via equal drive 

impedances ZT to a load impedance ZL that comprises a transformer connected to a 
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transmission line that is connected to a subscriber station with a line driver/receiver 
circuit for transmitting and receiving signals to and from the transmission line. 

[0009] The receiver 2 is connected with its input terminals to the load ZL for 

simultaneously receiving a receive signal from the transmission line. 

[0010] To cancel the transmit signal and distortion on the input terminals of 

the receiver 2, the input terminals of the receiver 2 are connected to the load via equal 
resistors Rl and to respective output terminal of the line driver 1 via equal resistors R2. 

[001 1] In the embodiment in Fig. 1, the sum of the drive impedances 2ZT shall 

have the same impedance value as the load impedance ZL. 

[0012] Since the output impedance of the line driver 1 is very low compared to 

the drive impedances ZT, no receive signal at all will be present at the interface 
between the line driver 1 and the resistor bridge Rl, R2. However, at the interface 
between the resistor bridge Rl, R2 and the load ZL both transmit and receive signals 
will be present. 

[0013] It can be shown that by applying the resistor bridge Rl, R2, the transmit 

signal can be totally canceled at the input terminals of the receiver 2 while the receive 
signal is still present. 

[0014] In line drivers with active termination impedance, the drive impedance 

ZT in Fig. 1 would be set by a feedback loop inside the line driver 1 . The advantage of 
such line drivers is that the output signal levels can be lowered for a given transmit 
power over the load ZL. Hereby, it will be possible to reduce the supply voltage and, 
consequently, the power consumption. 

[0015] However, also in such line drivers, there is a need of good echo 

cancellation of transmit signals at the receiver input. 
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Summary Of The Invention 

[0016] The object of the invention is to bring about good echo cancellation in 

line drivers/receiver circuits with active termination impedance. 

[0017] This is attained by providing complex sense impedances to match the 

load impedance. The sense impedance value should be much smaller than the 
impedance value of the load impedance seen between the outputs of the line driver. 
Transconductance amplifiers are used for sensing the voltage across the sense 
impedances and supplying corresponding currents to respective input terminal of the 
line driver. To achieve echo cancellation a pure resistive bridge is applied across the 
sense impedances. The output of the bridge is connected to the receiver. 

[0018] For example, in a line driver/receiver circuit where the line driver is 

connected with its output terminals to a load for supplying a transmit signal thereto 
and where the receiver is connected with its input terminals to the load for 
simultaneously receiving a receive signal therefrom, an arrangement is provided for 
canceling the transmit signal on the input terminals of the receiver, the output 
terminals of the line driver being connected to the load via equal first impedances, the 
input terminals of the receiver being connected to the load via equal first resistors and 
to respective output terminal of the line driver via equal second resistors, wherein the 
first impedances are complex impedances to match the load impedance and are of an 
impedance value that is much smaller than the impedance value of the load 
impedance, and transconductance amplifiers are provided to sense the voltage across 
the first impedances and supply corresponding currents to respective input terminal of 
the line driver. 

[0019] A drive/termination impedance of the line driver may equal the 

impedance value of one of the impedances multiplied by k, wherein k is a function of 
the line driver gain and the transconductance amplifier gains. 
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[0020] Also, an echo canceling arrangement comprises a line driver having 

two inputs and two outputs, a load coupled with the outputs of the line driver via first 
and second impedances, a line receiver having two inputs, wherein the inputs are 
coupled through a network with the load and the outputs of said line driver, first and 
second transconductance amplifiers having two inputs and an output, wherein the 
inputs of the first transductance amplifier are coupled with the first impedance and its 
output with the one input of the line driver and the inputs of the second transductance 
amplifier are coupled with the second impedance and its output with the other input of 
the line driver, wherein the first impedances are complex impedances to match the 
load impedance and are of an impedance value that is much smaller than the 
impedance value of the load impedance. 

[0021] The network may comprise a first resistor coupled between one input of 

the line receiver and the load, a second resistor coupled between the one input and one 
output of the line driver, a third resistor coupled between the other input of the line 
receiver and the load, and a fourth resistor coupled between the other input and the 
other output of the line driver. The first and third resistor may be equal and the second 
and fourth resistor may be equal. A drive/termination impedance of the line driver 
may equal the impedance value of one of the impedances multiplied by k, wherein k is 
a function of the line driver gain and the transconductance amplifier gains. 

Brief Description Of The Drawing 

[0022] The invention will be described more in detail below with reference to 

the appended drawing on which Fig. 1, described above, illustrates a known line 
driver/receiver circuit with an echo cancellation bridge, and Fig. 2 illustrates a line 
driver/receiver circuit with active termination impedance with an echo cancellation 
arrangement according to the invention. 
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Description Of The Invention 

[0023] Fig. 2 illustrates a line driver/receiver circuit with active termination 

impedance with an echo cancellation arrangement according to the invention. 

[0024] Components in Fig. 2 that are identical to components in Fig. 1 are 

provided with identical reference characters. 

[0025] In accordance with the invention, a line driver 3 is connected with its 

output terminals via equal so-called sense impedances ZS to a load ZL that, in the 
same manner as in Fig. 1, comprises a transformer connected to a transmission line 
that is connected to a subscriber station with a line driver/receiver circuit for 
transmitting and receiving signals to and from the transmission line. 

[0026] A receiver 2 is connected with its input terminals to the load ZL for 

simultaneously receiving a receive signal from the transmission line. 

[0027] As in Fig. 1, the input terminals of the receiver 2 are connected to the 

load ZL via equal resistors Rl and to respective output terminal of the line driver 1 via 
equal resistors R2. 

[0028] In accordance with the invention, the sense impedances ZS are complex 

impedances to match the load impedance ZL, and are of an impedance value that is 
much smaller than the impedance value of the load impedance ZL. 

[0029] In accordance with the invention, the voltage across the respective 

sense impedance ZS is sensed by means of transconductance amplifiers 4, 5 that are 
connected with their input terminals across the respective sense impedance ZS, and 
with their output terminal to respective input terminal of the line driver 3. 

[0030] The transconductance amplifiers 4,5 generate output currents 

corresponding to the sensed voltage. These output currents are supplied to the 
respective input terminal of the line driver 3. 
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[0031] The drive/termination impedance of the line driver equals k x ZS, 

where k is a function of the gains of the line driver 3 and the transconductance 
amplifiers 4, 5. The drive/termination impedance is correctly matched to the load 
when k x ZS = ZL. Any combination of k and ZS that fulfills this equation can be 
chosen. 
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